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(g) Method and apparatus for fluid propelled borescopes. 



(§) A method and apparatus for propelling a bore- 
scope being used to inspect inaccessible areas 
comprises one or more reaction jets attached to the 
borescope, the reaction jets expelling gas, liquid or 
other fluids to produce a reaction thrust force on the 
borescope. In one embodiment, a reaction jet is 
fastened to the remote head of an articulateable 
^borescope, and the propulsion direction is controlled 
by an operator who views a desired aim point at the 
^output end of the borescope cable, and articulates 
^the borescope head to point at the desired aim 
point. In another embodiment, the orientation of the 
^thrust vector of the reaction jets is controllable, per- 
^ mitting an operator to control the direction of travel 
^of a borescope not necessarily possessing an in- 
dependent articulation capability. 
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METHOD AND APPARATUS FOR FLUID PROPELLED BOBESCOPES 



Background of the Invention 

A. Field of the Invention 

The present invention relates to means for pro- 
pelling a flexible borescope. More particularly, the 
invention relates to a method and apparatus for 
propelling, and steering from a remote location, the 
head of a fiber-optic borescope. 



B. Discussion of Background Art 

Borescopes are elongated optical devices ca- 
pable of transmitting visual images to a remote 
observer. The devices are used to transmit images 
of objects near the distant end of the device to an 
observer at the near end of the device. This per- 
mits the observer to perform a visual inspection of 
remote objects within the field of view of the far 
end of the device. The original devices were used 
to inspect tiie bores of guns, hence the name. 
Presentiy borescopes are used to facilitate inspec- 
tion of a large variety of objects located in remote, 
inaccessible or hazardous areas. Thus, they are 
used in such diverse applfcations as the inspection 
of turbine engines, human bodies, and nuclear re- 
actors. 

The first borescopes were essentially elongat- 
ed tubular microscopes which employed a series of 
lenses to convey an image of an object in the field 
of view of a field lens at a remote end of tiie tufc»e 
to an objective lens at the observer's end of the 
tube. Usually, means were also provided to illu- 
minate the field of view of the borescope, as for 
example by a small lamp located near the remote 
end of the tijbe. 

Modem borescopes utilize flexible fiber-optic 
cables rather than lenses. The fiber-optic cables 
contain parallel bundles of fine ti^sparent fibers, 
and ti-ansmit to one end of the cable an image of 
tiie area witiiin the fieW of view of the opposite end 
of ttie cable. 

Most fiber-optic borescopes have a flexible 
protective sheath covering the entire lengtii of tiie 
cable. Typically, the sheatin is made of a durable, 
abrasive resistant material such as woven metal. 
Also, most fiber-optic borescopes include within the 
sheatii a second fiber-optic cable which is illumi- 
nated by a bright light source at the observer's 
end. The second cable transmits light to tiie re- 
mote end of the cable, which then illuminates the 
field of view of tiie imaging fiber-optic cable. 



A relatively recent improvement in fiber-optic 
borescopes permits tiie observer at tiie viewing 
end of the borescope to remotely manipulate tiie 
distant end of tiie cable to position tiie axis of tiie 

5 imaging fiber-optic cable at a desired orientation, 
tiiereby bringing into its field of view a desired area 
of interest. These remotely manipulateable fiber- 
optic borescopes are refen^ to as arti'culated, 
articulating or articulateable borescopes. By apply- 

10 ing tension to one or more flexible wires stiung 
tiirough tiie protective sheatii and attached to a 
pivotable member near tiie remote end or head of 
ttie cable, tiie head may be tilted at an angle to the 
longifcjdinal axis of tiie cable. Such borescopes can 

J5 have eittier one or two planes of articulation. The 
latter type permits aiming tiie head of tiie bore- 
scope to any point in a forward directed hemi- 
sphere (or larger portion of a sphere) centered 
around tiie head end of the cable. Siegmund, in 

20 United States Patent No. 4,290,421, September 22. 
1981, discloses such an articulateable borescope. 

Borescopes witii articulated heads are some- 
what easier to push tiirough, or "snake" tiirough, 
serpentine passageways in a stixicture Ijeing in- 

25 spected. However, it is an exti-emely difficult, time 
consuming operation to thread even a borescope 
having two planes of articulation tiirough a clut- 
tered, labyrinttiine series of passageways, such as 
tiiose encountered in a jet tijriaine engine Also, 

30 repeated pushing flexes ttie fiber optic bundle witi> 
in the borescope cable and causes fiber damage 
which substantially shortens tiie life of the bore- 
scope. Moreover, tiie present methods of threading 
t)orescope cables to a desired inspection area re- 

35 quire tiiat tiie cable be in contact witii a confining 
surface, such as a floor section of, or a tubular 
sheatii witiiin, tiie area to be inspected. Thus, 
present borescopes do not have tiie capability of 
being propelled to an arijiti^ point in three di- 

40 mensional space. 

[Difficulties are also encountered in pushing a 
borescope head tiirough passages of a body to 
examine body organs. 

Borescopes used to remotely inspect body or- 

45 gans such as the bowel or bladder are refen-ed to 
as endoscopes. Sheldon, in U.S. Patent No. 
3,279,460, October 13, 1966, discloses an endo- 
scope constitjction modification which facilitates 
forward movement of tiie endoscope within pas- 

50 sages of a human or animal body. He states that 
flexible endoscopes, or inti^scopes, as he refers to 
tiiem. were found to coil easily in tiie passages of 
the body, or to get stojck at tiie sharp angulations 
of the examined part or passages. The constiiiction 
modification described comprises tiie addition of 
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an inflatable, perforated pouch to be outer wall of 
the endoscope housing. A hollow, flexible tube 
connects the pouch to a controllable air supply 
outside of the body. Inflating the pouch causes it to 
expand against surrounding organ fluids and/or tis- 
sues, producing a clearance space for forward 
movement of the endoscope. Deflation of the 
pouch effected by air escaping through the perfo- 
rated front wall of the pouch allows the fluids 
and/or tissues to relax to their normal unstressed 
position. Thus the endoscope may be propelled 
forward against the normally encountered resis- 
tance of the fluids and organ tissues by an Intermit- 
tent wavelike motion somewhat like the peristaltic 
waves of a nomnal functioning intestine. 

The present invention was conceived of primar- 
ily to overcome difficulties typically encountered in 
remotely propelling and guiding a borescope head 
to desired inspection locations within engines and 
structures which are relatively inaccessible. Ac- 
cordingly, the present invention, although being 
adaptable to propelling and guiding endoscopes, 
does not require the cooperative interaction of the 
passageways through which the apparatus travels 
for its effective operation. Therefore, the present 
invention is useful for propelling and guiding bore- 
scope heads in a broad range of applications re- 
quiring inspection of inaccessible areas. 



Objects of the Invention 

An object of the present invention is to provide 
a method and apparatus for propelling the head 
and attached cable of a flexible borescope, thereby 
facilitating the use of the borescope to inspect 
inaccessible locations, and reducing the time need- 
ed to make inspections of such locations using the 
borescope. 

Another object of the invention is to provide a 
method and apparatus for propelling a flexible 
borescope in directions controlled by means lo- 
cated at a point distant from the borescope head. 

Another object of the invention is to provide an 
improvement in flexible borescopes which permits 
an observer to propel and guide the borescope 
head to a desired inaccessible area to be inspect- 
ed. 

Another object of the invention is to provide a 
method and apparatus for propelling and guiding a 
flexible borescope to any point in a three-dimen- 
sional space without requiring a support surface for 
the borescope cable. 

Another object of the invention is to provide an 
accessory for flexible borescopes which provides 
the capability of remotely propelling and guiding 
the direction of motion of the borescope head. 



Another object of the invention is to reduce 
fatigue and ultimate damage to borescope cable 
fibers by reducing the need for flexing the cable in 
order to push it through serpentine passageways, 

s thereby extending the useful life of the cable. 

Various other objects and advantages of the 
present invention, and its most novel features, will 
be particularly pointed out hereinafter in connection 
with the appended claims. 

10 It is to be understood that although the inven- 
tion disclosed herein is fully capable of achieving 
the objects and providing the advantages men- 
tioned, the structural and operational characteristics 
of the invention described herein are merely illus- 

75 trative of the preferred embodiments. Accordingly, 
we do not intend that the scope of our exclusive 
rights and privileges in the invention be limited to 
the details of construction and operation described. 
We do intend that reasonable equivalents, adapta- 

20 tions and modifications of tiie various embodiments 
and alternate fomis of the present invention which 
are described herein be included within the scope 
of the invention as defined by tiie appended 
claims. 



Summary of the Invention 

Briefly stated, tiie present invention compre 

30 hends the use of one or more reaction jets at- 
tached to the head of a flexible borescope to 
propel and guide the borescope head to inacces- 
sible locations which it is desired to view. Each jet 
is powered by compressed air or other pressurized 

35 fluid, supplied to the jet by a flexible tube running 
back alongside or through the borescope cable to 
an external source of pressurized fluid. 

The basic embodiment of the invention uses a 
rearward directed reaction jet to propel forward the 

40 borescope head to which it is attached. Other em- 
bodiments of the invention use a plurality of gen- 
erally rearward-directed, separately controllable re- 
action jets attached to the borescope head to pro- 
duce a thrust vector which is steerable, thereby 

45 affording full three-dimensional control of the direc- 
tion of travel of the borescope head. In anotiier 
embodiment of the invention, reaction jets with 
thrust vectors which have radially directed compo- 
nents with respect to the borescope head permit 

50 the head to be tilted or translated, without nec- 
essarily being propelled fonward. 



55 
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Brief Description of the Drawings 

Rgure 1 is a perspective view of the basic 
embodiment of the present invention, siiowing the 
invention attached to an existing articulateable 
borescope cable. 

Rgure 2 is a front end view of the device 
shown in Rgure 1. 

Rgure 3 is a rear end view of the device of 
Rgure 1. 

Rgure 4 is an elevation view of a modified 
version of the embodiment shown in Rgure 1 . 

Rgure 5 is a side elevab'on view of a second 
^bodiment of the apparatus according to tiie 
present invention. 

Rgure 6 is a front end view of the apparatus 
of Rgure 5. 

Rgure 7 is a rear end view of the apparatus 
of Rgure 5. 

Rgure 8 is an elevation view of a third em- 
bodiment of tiie apparatus acconding to tiie present 
invention. 

Rgure 9 is a front end view of the apparatus 
of Rgure 8. 

Rgure 10 is a rear end view of tiie apparahjs 
of Rgure 8. 

Rgure 11 is an elevation view of a fourtti 
embodiment of the apparatus according to Rgure 1 
in which pressurized fluid is provided to tiie propul- 
sion element of ttie apparatijs by means of an 
existing spare channel in tiie borescope cable 
which tiie apparatus is attached to. 

Rgure 12 is a perspective view of a fifth 
embodiment of tiie apparatus according to ttie 
present inventi'on, attached to tiie end of an ar- 
ticulateable tijbe. 

Rgure 13 is a perspective view of a sixtii 
embodiment of tiie invention. 

Rgure 14 is a partially sectional view of a 
differential air flow control valve mechanism for use 
witti the apparatus of Rgure 13, shown - 
schematically connected to the apparatus. 

Rgure 15 is a upper plan view of tiie valve 
mechanism of Rgure 14. 

Rgure 16 is an upper plan view of an al- 
ternate differential air flow conti'ol valve mechanism 
for use with tiie apparatijs of Rgure 13. 

Rgure 17 is a partially sectional view of tiie 
valve mechanism of Rgure 16, taken along line 17- 
17 of Rgure 16. 

Rgure 18 is an upper, partially sectional 
view of a modification of the valve mechanism of 
Rgures 16 and 17. 

Rgure 19 is a partially sectional view of tiie 
mechanism of Rgure 18, taken atong line 19-19 of 
Rgure 18. 



Rgure 20 is a perspective view of a seventfi 
embodiment of the apparatus according to the 
present invention. 

Rgure 21 is a perspective view of a modi- 
5 ficafion of tiie apparatus of Rgure 20. 

Rgure 22 is a perspecfa've view of an eighth 
embodiment of tiie apparatus according to tiie 
present invention. 

Rgure 23 is an expkxled perspective view of 
10 tiie apparahJS of Rgure 22 showing how the ap- 
parahis is attached to the head of an existing 
fiberscope. 

Rgure 24 is a perspecti've view of a modi- 
fication of tiie apparatus of Rgure 22. 
75 Rgure 25 is a sectional elevation view of a 

nintti embodiment of the apparatijs according to 
tiie present invention. 



so Description of the Prefen-ed Embodiments 

Refening now to Rgures 1 through 3, a device 
40 for propelling a flexible borescope is shown 
attached to tiie head of a borescope. A typical 

25 borescope A which is not part of the present inven- 
ti'on, has a central core B comprising a flexible, 
image conducting bundle of fine, tiBnsparent glass 
or plastic fibers. 

Botti ends of fiber-optic cable core bundle B 

so are cut perpendicular to ttie axis of the fibers. The 
fibers of botii ti^sverse end planes of tiie cable 
are held in paraNel alignment by embedding tiiem 
in a solid plastic, and botii end faces of tiie bundle 
are polished. Objects which fall wfthin ttie conteal 

35 field of view of tiie distant end of tiie fiber-optic 
bundle are viewable by an observer looking into 
ttie rear end of ttie bundle. Lenses may be pro- 
vided at eitiier or botii ends of tiie fiber-optic 
bundle to suit particular viewing requirements. 

40 The fiber-optic core bundle B of tiie borescope 
or fiberscope, as it is sometimes refen-ed to, is 
usually imbedded witiiin a larger diameter flexible 
cable assembly C. The cable assembly C provkles 
protection against damage for core bundle B. Also. 

45 tiie cable assembly provides a convenient conduit 
for ti^nsmitting light to illuminate a remote area to 
be observed. Frequentiy, the illumination is pro- 
vided by a bright light sourc» at tiie observer's end 
of tiie cable assembly, tiie light being conducted to 

50 tiie remote end of tiie cable assembly by a sepa- 
rate fiber-optic bundle witiiin ttie cable assembly C. 

The propulsion metiiod and apparahis of the 
present invention is useable witii all types of bore- 
scopes. Thus, for example, it may be u^ with 

55 borescopes which use a miniatijre televiaon cam- 
era at ttie end of an elecblcal cable rattier ttian a 
fiber-optic bundle, to receive and ti^nsmit Images 
of distant objects. 
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A basic embodiment of the present invention is 
adapted for use with borescopes in which the re- 
mote head of the borescope may be bent with 
respect to the cable connected to the rear of the 
head in a desired direction by an observer at the 
opposite end of the fiberscope. Such borescopes 
are referred to as articulateable, and employ wires 
leading from the remote head of the borescope to 
the observer's end of the cable to effect bending of 
the head end of the borescope in a direction de- 
sired by the observer. The capability of being ar- 
ticulated in a single plane is referred to as two-way 
articulatibility, while the capability of being posi- 
tioned in all planes is referred to as four-way ar- 
ticulatability. Siegmund, in U.S. Patent No. 
4,290,421 discloses an apparatus in which four-way 
or universal articulation of the end of a borescope 
is accomplished with a three-wire control system. 

As shown in Figures 1 through 3, the bore- 
scope propulsion device 40 according to the 
present invention includes a preferably rigid, hollow 
tube 41 bent Into the shape of a U. U-tube 41 may 
be fabricated from thin gauge plastic or metal tube 
stock. 

As shown in Figure 1, tube 41 is fastened to 
the outer end or head portion D of the flexible 
cable assembly C of articulateable borescope A. U- 
shaped tube 41 is disposed with both of its legs in 
parallel alignment with the longitudinal axis of bare- 
scope head D. One end of U-tube 41 is sealed by 
an air-tight joint to a flexible air supply tube 42, 
which extends backward parallel to cable assembly 
C to an external supply of pressurized air. The 
other end of U-tube 41 is open. Thus, when pres- 
surized air is supplied to U-tube 41 via air supply 
tube 42, issuance of a backward-flowing jet of air at 
a relatively high velocity from the open leg of the 
U-tube produces a f onward-directed reaction thrust 
force on the head D of the borescope cable assem- 
bly C. Preferably, the open leg of the U-tube is 
tapered, forming a convergent nozzle which in- 
creases the velocity of expelled fluid, and there- 
fore, increases the thrust force. 

Now, since the head D of borescope cable 
assembly C may be remotely articulated by an 
operating observer to point in any desired direc- 
tion, an operator can control the direction of the 
thrust vector, by using the borescope articulation 
control system to aim the borescope head in a 
desired direction. The operator can also control the 
magnitude of the forward thrust force imparted to 
the head of the borescope by varying the pressure 
of air supplied to the inlet of tube 42. Thus, by 
applying sufficient air pressure to air supply 42 of 
propulsion device 40, the device and the attached 
borescope head can literally be flown to any de- 
sired location The flying capability permits the 
borescope head to move in three dimensions, and 



without requiring contact of the borescope cable 
with a supporting surface. By pulling the entire 
cable assembly backwards slightly, it is possible to 
retract the borescope head from passageways 

5 which it has entered, and then to propel the head 
to different locations. 

Since an observer looking into the rear end of 
the borescope can see what remote location the 
head of the borescope is pointing to, the observer 

10 can effect the propulsion and guidance of the bore- 
scope head to an inaccessible inspection area of 
interest. By using the method and apparatus de- 
scribed, it has been found possible to guide a 
flying borescope according to the present invention 

75 sequentially through all 9 combustors of a JT8 jet 
turbine engine in approximately 10 minutes. This 
compares with the four hours that is typically re- 
quired to thread conventional borescopes through 
the same engine parts, if it can be done at all. 

20 Currently used methods of performing such an 
inspection require the use of a series of rigid 
sheathing tubes to guide the borescope cable. 
These are not required with the method and ap- 
paratus of the present invention. Thus, the time, 

25 labor, and cost savings effected by the apparatus 
and method of the present Invention are substan- 
tial. 

As may be seen best by referring to Figures 2 
and 3, the plane of U-tube 41 is preferably tangent 

30 to the outer circumferential surface of flexible cable 
assembly C. This orientation minimizes the in- 
crease in the maximum diameter of the cable as- 
sembly and attached U-tube, thereby minimizing 
the clearance requirements for the combined bore- 

35 scope head and attached propulsion device. 

Figure 4 illustrates a modified version 43 of the 
device of Figures 1 through 3. In the modified 
version, a hollow U-tube 44 substantially identical 
to U-tube 41 of the basic embodiment extends 

40 some distance beyond the outer transverse plane 
of head D fiber-optic cable assembly C, The out- 
ward extending portion of U-tube 44 ensures that 
the outer transverse plane of the borescope head 
will not be butted up against an obscuring surface 

45 as the cable assembly is propelled forward. This 
assures the observer of always being able to have 
an unblocked field of view sufficient to permit him 
to guide the cable assembly to a desired inspec- 
tion area. Also, the fixed distance between the 

50 entrance aperture of the borescope head and sur- 
faces in contact with the outer end of the U-tube 
ensures that the surface is at the con-ect focal 
length with respect to the optical entrance aperture 
of the borescope head, and that points within the 

55 imaged field of view are a known repeatable dis- 
tance apart. 
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Rgures 5 through 7 illustrate a second embodi- 
ment 45 of the borescope head propulsion device 
according to the present invention. In side view, the 
propulsion device 45 has the shape of a generally 
rectangular cross-section blocic 46 with its long axis 
parallel to the longitudinal axis of head D of a 
borescope A to which the device is attached. The 
upper wall of biocic 46 attends forwanJ to fonn the 
upper sur^ of an elongated, thin, fiat teb or 
finger 47 which extends forward from the bkx*. As 
shown in the front elevation view (Rgure 6) Rnger 
47 has a generally rectangular transverse cross- 
sectional shape. Block 46 is also shown to have a 
generally rectangular cross-sectional shape, al- 
though the shape is not essential to the operation 
of tiie invention, and could be oval or curved as a 
mattK- of design choice. 

As shown in Rgures 5 through 7. a longitudi- 
nally disposed, circula- cross-secb'on bore 48 ex- 
tends tiirough tiie entire length of block 46 from 
front fece 49 to rear face 50 of tiie block. The axis 
of bore 48 is parallel to tiie upper and lower 
longitudinal surfaces of block 46. Bore 48 is of the 
proper size to fit over tiie outer drcumferential 
surface of flie head D of borescope A. being se- 
cured tiiereto by an interference fit, adhesive bond- 
ing, or any otiier suitable fastening means. 

A smaller diameter, blind cavity 51 is bored 
part way fonward fi-om the rear face 50 of block 46. 
perpendicularly into tiie block. As may be seen 
best by refem'ng to rear end view of Rgure 7. 
cavity 51 has a generally oval cross-sectional 
shape. An air hose 52 having a substantially small- 
er cross-sectional area tiian cavity 51 Is inserted 
part way into tiie cavity, and secured to a wall of 
tiie cavity by an appropriate means, such as adhe- 
sive bonding. Clearance between tiie witer circum- 
ferential surface of air hose 52 and the inner walls 
of cavity 51 provide a passageway for air exiting 
under pressure from ttie bore of air hose 52 to 
escape from tiie cavity, exiting rearward from ttie 
cavity in a direction generally perpendicular to tiie 
rear transverse face 50 of block 46. 

Borescope head propulsion device 45 functions 
in tiie same way as has been described above for 
tiie basic embodiment of the invention. Air under 
pressure is supplied to tiie inlet end of air hose 52 
and conti-olled by a proportional valve operated by 
an operator at tire viewing end of ttie cable. Air 
passing tiirough air hose 52 enters cavity 51 and 
escapes rearward tiirough tiie space between tiie 
hose and cavity, provid ing a reanward directed jet 
sfream of air. That air jet produces a forward di- 
rected force on bkx* 46 which tends to pull, in a 
forward direction, heaj D and cable assembly C of 
borescope A. which is attached to ttie block. By 
controlling tiie flow of air into air hose 52, tiie 
operator confrols tfie tiirust force applied to tiie 



device. By operating the articulation mechanism of 
tiie borescope, tiie operator can also aim tiie axis 
of ttie borescope head, and hence the tiirust vector 
of propulsion device 45. to any desired point in 

5 space. Thus, by cortrolling tiie pressure of air 
supplied to air hose 52. and tiie aiming point of tiie 
borescope head, tiie propulsion device 45 and tiie 
attached borescope head can be propelled at a 
desired rate and guided to a desired location. 

10 Moreover, since an operator can view objects witii- 
in ttie fonward fieW of view of ttie borescope at tiie 
end of the borescope, he may propel and guide tiie 
borescope head to inaccessible areas which he 
desires to view. Also, since the operator can see 

75 inaccessible areas tiirough tiie borescope. he can 
propel and guide tiie borescope head to areas of 
interest discovered during ttie course of inspection, 
such as engine componente which show visual 
evidence of actual or potenti'al defects. 

20 Rnger 47 extends forward fl-om the common 
plane of tiie front face of propulsion device 45 and 
tiie head D of borescope A. Thus, tiie front face of 
tiie borescope head may not be placed closer to 
any object tiian tiie length of finger 47. This mini- 

25 mum spadng assures tiiat the operator's forward 
visibility will not be bkjcked by inadvertent abut- 
ment of ttie front face of ttie borescope head, 
containing its optical enti^ce aperture, ageunst an 
obscuring surface. The minimum spacing between 

30 objecte and tiie emrance aperture in tiie front face 
of tiie borescope head also reduces ttie possibility 
of impact or scratch damage to ttie flwit face of 
the fiber optic bundle. 

in ttie embodimente of tiie borescope head 

35 propulsion device described above, tiie jet thrust 
vector is parallel to but displaced some distance 
fi-om ttie tongttudinal axis of tiie borescope cable 
assembly to which ttie device is atfached. As a 
result, a torque is produced about an axis per- 

40 pendcular to tiie cable axis and jet tube axis, in 
additi'on to ttie forward tiirust force. Therefore, it is 
necessary to apply a counteriDalandng tonque if it 
is required to move tiie borescope head in a 
straight line. The borescope articulation mechanism 

45 provides a conveniofit means for applying the re- 
quired counteriaalandng torque when it is desired 
to propel tiie boresct^ head parallel to tiie axis of 
the cable. 

In tests using tiie propulsion device according 
50 to ttie present invention to propel borescopes. it 
was found tiiat it was easy for an operator to learn 
to apply tiie necessary counterbaiandng torque. 
Howwer, a second, counteriDalandng jet tube may 
be provided in a minw image position on tiie side 
55 of tiie borescope head opposite tiie first jet tube, 
fliereby resulting in tfrnjst force wittiout a reaction 
torque on the borescope head. 
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Figures 8 through 10 illustrate a third embodi- 
ment 53 of the borescope head propulsion device 
according to the present invention. In that embodi- 
ment, a generally rectangular cross-section blocl< 
54 has extending through the entire length of the 
block a longitudinal, circular cross-section bore 55 
adapted to receive and retain the outer circum- 
ferential surface of the head D of a borescope. The 
axis of bore 55 is above the longitudinal center line 
of block 53, and is parallel thereto. 

A smaller diameter bore 56 extends through 
the entire length of block 54, parallel to and below 
bore 55. Bore 56 is adapted to receive and retain 
flexible air supply tube 57. A third bore 58. of 
smaller diameter than bore 57, extends through the 
entire length of block 54, parallel to and below bore 

57. Bore 58 constitutes a rearward directed jet 
tube, and is supplied with pressurized air by means 
of U-tube 59, which communicates with the front 
openings of air supply bore 56 and jet tube bore 

58. This embodiment of the borescope head pro- 
pulsion device operates in an exactly analogous 
manner to that described above for the other em- 
bodiments of the invention. 

In the embodiments of the invention described 
above, an external supply tube provides pressur- 
ized air to a jet tube which propels the device. If it 
is desired to provide a larger propulsion force to 
the fiberscope which the device is attached to, a 
heavier fluid such as water may be used to pres- 
surize the supply tube, providing a greater mass 
flow rate and an accompanying increase in thrust. 

As used throughout this disclosure, fluid is 
understood to include liquids, gases and mixtures 
of liquids and gases. Thus, for example, a liquid 
foam containing gas bubbles could be used as a 
propelling fluid according to the present invention. 
The expelled fluid could be used to treat or con- 
dition parts within an inspected area traversed by 
the propulsion head. An example of such an ap- 
plication would be the use of a corrosion-inhibiting 
liquid or liquid foam as a propelling fluid. Use of 
such a propeliant would permit treating otherwise 
inaccessible metal parts of an apparatus being 
inspected, such as a turbine engine, with a corro- 
sion inhibiting foam. 

Other multi-phase mixtures in addition to foams 
may be used as a propelling fluid. A solid-liquid 
slurry would be an example of another such mix- 
ture. 

In sealed or substantially enclosed inspection 
areas, it may sometimes be necessary or desirable 
to remove fluid expelled from the reaction jets into 
the enclosed area. Removal can be accomplished 
by any convenient means, such as a vacuum tube 
positioned with its entrance aperture at an efficient 



collection point for expelled fluid within the space. 
A vacuum tube could also be fastened to the 
borescope head, travelling along with the reaction 
jet. 

5 Many existing fiberscopes have one or more 
spare channels into which the user may insert 
tubes to convey fluids from one end of the fiber- 
scope cable to the other, or wires to convey elec- 
trical signals. Such an auxiliary channel may be 

70 used advantageously to convey pressurized fluid 
from the operator's end of the cable to the jet 
propulsion device of the present invention attached 
to the remote head of the fiberscope. 

Figure 11 illustrates a fourth embodiment 60 of 

75 the borescope propulsion device according to the 
present invention which utilizes an existing spare 
channel in a fiberscope cable assembly. In that 
embodiment, a hollow U-tube 61 , similar to the U- 
tube 41 used in the basic embodiment of the 

20 invention illustrated in Rgures 1 and 2, is con- 
nected by a fluid-tight joint to the front opening of 
an unused channel E of a borescope cable assem- 
bly C. The rear opening of channel E is connected 
to a source of pressurized fluid controllable by an 

25 operator at the rear end of the cable assembly. 
Aside from the fact that this embodiment of the 
invention uses the existing spare channel E of the 
borescope for conveying pressurized fluid to the 
jet-thrust producing U-tube 61, the operation of this 

30 embodiment is identical to that described above for 
the basic embodiment of the in vention, which 
description is therefore not repeated. 

Each of the embodiments of the present inven- 
tion described above comprise accessories for, or 

35 modifications of articulateable borescopes. Other 
embodiments of the invention which provide a pro- 
pulsion and guidance capability for non-articulatea- 
ble borescopes will now be described. 

A fifth embodiment of the present invention is 

40 shown in Figure 12. The embodiment shown in 
Figure 12 comprises that basic version of the pro- 
pulsion and guidance device according to the 
present invention which is useable with non-ar- 
ticulateable borescopes. 

45 The embodiment 62 of the propulsion and 
guidance device according to the present invention 
and shown in Figure 12 comprises essentially a U- 
tube 63 sealingly coupled to an internal channel 64 
of an articulateable cable assembly 65. Any suit- 
so able means may be used to provide an articulating 
capability to the end of cable assembly 65. Cable 
assembly 65 is fastened near its front end to the 
front end of a borescope A in parallel alignment 
with the borescope head D. Borescope A need not 

55 have its own articulation capability. Pressurized flu- 
id is supplied to the rear opening of channel 64. 
The quantity of the fluid supplied is controlled by 
an operator, and the aiming point of the flexible 
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end of articulateable cable assembly 65, and hence 
the direction of the reaction thrust vector of the jet 
stream issuing from the rear orifice of the nozzle 
end of U-tube 63, is controlled by an operator 
exactly as has been described above for the other 
embodiments of the invention. Since the ar- 
ticulateable cable assembly is fastened to head D 
of borescope A, the borescope head will be propel- 
led and guided in unison with the articulateable 
cable assembly 65. Thus, as shown in the phantom 
views of Rgure 12, the flexible end of articulateable 
cable assembly 65 may be remotely manipulated, 
placing the ends of the cable assembly and at- 
tached propulsion device 62 in different orientar 
tons witin respect to the parallel longitudinal axes 
of cable assembly 65 and borescpe head D. 

In a modification of the embodiment 62 of the 
propulsion device shown in Rgure 12, cable as- 
sembly 65 need only have articulateability in a 
single plane. Assuming, for example, that the plane 
contains the longitudinal center lines of cable as- 
sembly 65 and borescope head D. the thaist vector 
of the nozzle end of tube 63 may be varied in the 
plane from its backward pointing position to a for- 
ward pointing position, i.e., for a total angular ex- 
cursion of 180 degrees. Now if borescope head D 
may be rotated 360 degress, for example, by rotat- 
ing the operator's end of the cable assembly C to 
which the borescope head is attached, the thrust 
vector of U-tube 63 may be aimed in any arbitrary 
direction. Thus, articulateability in a single plane of 
cable assembly 65 in combination with rotatability 
of the borescope head D about It own longitudinal 
axis penmits the thrust vector of propulsion device 
"65 to be oriented in any direcfion in three-dimen- 
sional space. 

A second modification of embodiment 62 of the 
invention propulsion device whown in Rgure 12 
permits the thrust vector direction of the nozzle 
end of U-tube 63 to be varied in a plane containing 
tiie U-tube, wittiout requiring any articulateability of 
cable assembly 65. In tiiis modification, U-tube 63 
is made of a flexible material, and has a restricted 
diameter nozzle opening. Therefore, when the 
pressure of fluid conducted into U-tube 63 by cable 
assembly 65 becomes sufficientiy large, an out- 
ward directed, radial force will be exerted differ^- 
tially on ttie walls of tiie curved portion of tiie tube, 
tending to sti-aighten it out. i.e.. decreasing the 
bend radius. This bending action is the basis for 
operation of a sealed tube used in Bourdon-type 
pressure guages. Such tubes are referred to as 
Bourdon tubes. 

Thus, by varying ttie pressure of fluid supplied 
to U-tube 63, ttie bend radius and hence tiie ttirust 
vector direction of tiie tube can be varied by the 
Bourdon effect. Combined v«th the rotatability of 
the txjrescope head to which it is attached, ttie use 



of a Bounjon-type tube for U-tube 63 penmits cable 
assembly 65 to be merely a fluid supply tube, yet 
penmitHng ttie ttirust vector of ttie U-tube to be 
amed in any desired directton. 

5 A sixtti embodiment of the borescope head 
propulaon and guidance device according to ttie 
present invention Is shovm in Rgure 13. The em- 
bodiment 68 ^lown in Rgure 13 is also useable 
wltti fiberscopes not having an independent articu- 

70 lation capability. 

As shown in Rgure 13. propulsion and guid- 
ance device 66 includes ttiree elongated hollow jet 
tubes 67 having straight rear sections 68. Rear 
sections 68 of jet tubes 67 are fastened to ttie 

16 outer cylindrical surface of head D of borescope A. 
in parallel alignment wttti tiie longitudinal axis of 
the borescope head. Tubes 67 are disposed at 
120» increments around the circtmnlerence of bore- 
scope head D. Ottier tube anays are of course 

20 possible, such as four tubes at 90« increments. 

The forward sections 69 of jet tubes 67 bend 
outward from tiie centi^ axis of borescope head D, 
and backwards at acute armies to ttie centi^ axis. 
Thus, the center lines of ttie rear portions of for- 

25 ward sections 69 of jet tubes 67, which define ttie 
direction of jet staieams which may issue from ttie 
rear orifices of tiie forward sections, each define an 
acute angle witti ttie axis of the borescope head, 
and a 120" degree circumferential angte witti re- 

30 spect to each adjacent jet tube. 

The rear opening in ttie rear section 68 of each 
jet tube 67 Is sealingly joined to a flexible, hollow 
air supply tube 70 which extends backwand along 
cabfe assembly C to an external supply of pressur- 
es ized air. Thus, when pressurized air is st4)plied to a 
jet tijbe 67, issuance of a backward flowing jet of 
air, at a relatively high velocity, from ttie rear orifice 
of fonward section 69 of ttie jet tube produces a 
reaction thrust force on head D of cable assembly 

40 C having a forward directed component. Also, since 
ttie axis of forward section 69 of each jet tube 67 is 
inclined to tiie kMigitudinai axis of the head, a 
bending moment is also applied to tiie head as a 
result of tiie radial component of tiie tiirust pro- 

■ffi duced by tfre jet. 

If tiie mass flow rate of fluid expelted from out 
of ttie ttiree jet tibes 67 is equal, tiie tiiree bending 
moments cancel each otiier out, resulting in a force 
vector which lies entirely atong tiie longrtudinal axis 

50 of head D of fiberscope A. Thus, if tiie air flow 
rates in each air supply ttjbe are all tiie same 
magnittjde, a purely tongitudinal, fonwaid directed 
force will be exerted on fiberscope head D. 

If ttie air flow rates In each air supply tube 70 

55 for each jet tube 67 are not all equal, a net bending 
moment will be applied to borescope head D. 
Thus, by conti-olling tiie air flow rates in each 
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supply tube 70 to a specified differential value, the 
borescope head and flexible cable assembly C 
attached to the head may bent to a desired aim 
point, and propelled thereto. 

A differential control valve for providing conlrol- 
lable differential air flow rates to jet tubes 67 of 
propulsion device 66 is shown in Figures 14 and 
15. As shown in the Figures, control valve 71 has 
the general shape of a hollow cylindrical box with a 
disc-shaped cover 72, a cylindrical side wall 73. 
and a disc-shaped base 74. A hollow inlet tube 75 
projects radially outwards from cylindrical side wall 
73, the bore 76 of the inlet tube communicating 
with the interior space 77 of the valve. 

The valve outlet tubes 78A, 78B and 78C pro- 
ject perpendicularly downwards through disc- 
shaped base 74 of valve 71. The bores 79A, 79B 
and 79C of the outlet tubes communicate with the 
interior space 77 of the valve, and the upper trans- 
verse surfaces of the outlet tubes extend upwards 
no further than the upper wall surface 80 of disc- 
shaped base 74. Valve outlet tubes 78A, 78B and 
78C are spaced at 120° increments on a circular 
trace, as may be seen best by referring to Figure 
13. Outlet tubes 78A, 788 and 78C are coupled 
with airtight joints to flexible air supply tubes 70A, 
708 and 70C, which in turn are connected to jet 
tubes 67A, 678 and 67C of propulsion device 66. 

A generally disc-shaped slide valve element 81 
is slidably positioned above bores 79A, 79B and 
79C of outlet tubes 78A, 788 and 78C, thereby 
pemiitting selection of differing air flow rates into 
each tube from the interior space 77 of valve 71 , as 
will now be described. 

As may be seen best by referring to Figure 14, 
a pivot ball 82 is fastened to the upper surface of 
slide valve element 81, centered on the longitudinal 
center line of the valve element. An elongated 
cylindrical valve operating rod 83 has a concave, 
disc-shaped cavity 84 at its lower end which fits 
conformally over pivot ball 82. Operating rod 83 
extends upward through a central hole 85 in disc- 
shaped cover 72 of control valve 71. The upper 
end of operating rod 83 is covered with a cylin- 
drical boot 86 to provide a convenient grasping 
surface for the thumb and forefinger of an operator. 

As shown in Figure 14, a flexible, annular- 
shaped rubber diaphragm 87 fits coaxially over 
operating rod 83, forming an airtight seal. Also, the 
outer annular surface of the diaphragm is joined in 
an airtight seal to lower surface 88 of disc-shaped 
cover 72. When valve 71 is pressurized, the pres- 
sure within interior space 77 of the valve produces 
a downward force on slide valve element 81, ten- 
ding to keep it in flat contact with upper wall 
surface 80 of disc-shaped base 74. However, a 
downward force may be applied in the absence of 
pressurization by a helical compression spring 89 



positioned coaxially around that portion of operat- 
ing rod 83 within interior space 77 of valve 71. The 
upper coil of compression spring 89 abuts lower 
surface 88 of disc-shaped cover 72, while the lower 
5 coil of the spring passes through a transverse hole 
90 in the lower end of operating rod 83, just above 
concave cavity 84. Thus positioned, compression 
spring 89 applies a downward bias force on operat- 
ing rod 83, and therefore, on disc-shaped valve 

10 element 81, keeping the lower surface of valve 
element 81 in intimate contact with the upper wall 
surface 80 of disc-shaped base 74. 

As may be seen best by referring to Figure 15, 
with operating rod 83 in a vertical or neutral posi- 

75 tion, disc-shaped valve element 81 obstructs equal 
cross-sectional areas of bores 79A, 798 and 79C of 
valve outlet tubes 78A, 78B and 780. In this posi- 
tion air flow rates to each jet tube 67A, 678 and 
670 of propulsion device 66 will be equal, produc- 

20 ing a forward reaction thrust vector colinear with 
the longitudinal axis of borescope head D to which 
jet tubes 67A, 678 and 670 are attached. The 
magnitude of the fonward directed thrust vector 
may be controlled by controlling the pressure of air 

25 supplied to the inlet tube 75 of control valve 71 . 

If the upper end of operating rod 83 is pivoted 
in a vertical plane towards valve outlet tube 780 
sufficiently far, disc-shaped valve element 81 will 
completely cover bores 79A and 79B of outlet 

30 tubes 78A and 788, and completely uncover bore 
790 of outlet tube 780. Thus, with operating rod 83 
pivoted to the described position, maximum air flow 
will be provided to jet tube 670 supplied by valve 
outlet tube 780, while no pressurized air will be 

35 provided to jer tubes 67A and 678. Accordingly, 
only jet tube 670 will produce thrust, resulting in a 
forward thrust component and a moment tending to 
bend borescope head D in a plane containing the 
longitudinal axis of head D and jet tube 670, in a 

40 direction away from jet tube 670. The magnitude of 
this force can be increased or decreased by in- 
creasing or decreasing the pressure of air supplied 
to inlet tube 75 of valve 71 . 

In an exactly analogous fashion to that de- 

45 scribed above, operating rod 83 may be swivelled 
by an operator to any position within a cone defin- 
ing the maximum deviation of the center line of the 
operating rod from the center line of vaive 71. In 
that way, an operator can aim the resultant thrust 

so vector of jet tubes 67A, 678 and 670 in any 
desired direction, permitting the operator to fly the 
attached borescope head to any desired location. 
Operating rod 83 thus functions as a joy stick, 
similar In function to the joy stick used to control 

55 the flight direction of an airplane. 



9 

Patent provided by Sughrue Mion, PLLC - http;//www.sLighrue.com 



17 



0242 428 



18 



A second embodiment of a differential control 
valve assembly useable with propulsion device 63 
is shown in Rgures 16 and 17. As shown in the 
Rgures, differential control valve 91 includes a 
hollow generally cylindrical box having a disc- 
shaped cover 92, cylindrical side wall 93, and a 
disc-shaped base 94. A hollow inlet tube 95 pro- 
jects perpendicularly downward from disc-shaped 
base 74, coaxial with the cylindrical axis of valve 
91. The bore 96 of inlet tube 95 communicates with 
the interior space 97 of the valve. 

Three valve outlet tubes 98A, 98B and 98C 
project radially outward from cylindrical side wail 
93 of valve 91. Valve outlet tubes 98A, 98B and98C 
are spaced at 120° increments around the circum- 
ference of cylindrical side wall 93. The bores 99A, 
99B and 99C of the valve outlet fcibes commu- 
nicate with the interior space 97 of the valve. The 
inner transverse surface planes of the outlet tubes 
extend radially inward no further than the inner 
circumferential wall surface 100 of cylindrical side 
wall 93 of the valve. Outlet tubes 98A. 98B and 
98C are coupled with airtight joints to flexible air 
supply tubes 70A, 70B and 70C, which in turn are 
connected to jet tubes 67A 678 and 67C of pro- 
pulsion device 66. 

A generally disc-shaped slide valve element 
101 is positioned in a generally coaxial position 
within the cylindrical interior space 97 of valve 91. 
Slide valve element 101 includes an elongated, 
coaxial, cylindrical operating rod 102 which extends 
perpendicularly upwards from the flat upper sur- 
face 103 of the valve element. Operating rod 102 
extends upward through a central hole 104 in disc- 
shaped cover 92 of control valve 91 . 

As shown in Rgure 17, a flexible annular- 
shaped rubber diaphragm 105 fits coaxially over 
the outer drcumferential surface of operating rod 
102, and makes an airtight seal with that surface. 
Diaphragm 105 has a series of radially disposed 
convolutions 106 which gives the transverse cross- 
sectional view of the diaphragm an undulating, 
wave-like appearance. The outer annular surface of 
diaphragm 105 is joined in an artight seal to the 
lower surface 107 of disc-shaped cover 92. 

The convolutions 106 in diaphragm 105 pemnit 
an operator to move operating rod 102 and integral 
disc-shaped slide valve element 101 in a desired 
radial direction away from tiie cylindrical axis of 
valve conti-ol mechanism 91. The flexibility of dia- 
phragm 105 also pennits operating rod 102 and 
slide valve element 101 to be moved up and down 
witti respect to disc-shaped base 94 of tiie inlet 
tube. By moving slide valve element 101 down- 
wards towards the entrance to bore 96 of air inlet 
tube 95, air flow into interior space 97 of valve 91 
is reduced. This reduces the rates of air flow out 
tiirough valve outiet tubes 9aA, 98B and 98C, 



thereby decreasing tiie thrust of jet tubes 67A, 67B 
and 67C which are supplied with air from tiie valve 
outiet tubes. Thus, by applying varying amounts of 
downward pressure on operating rod 102, an oper- 

5 ator can diminish or increase the magnitude of 
thrust applied to propulsion device 66. 

By moving operating rod 102 and slide valve 
element 101 from a central, neutral positron radially 
outwards towards a valve outlet tube 98A, 98B or 

10 98C, tiie flow rate of air issuing from tire outlet tube 
can be diminished witii respect to tiie flow rates of 
air issuing from tiie valve outiet tubes, which tiie 
slide valve element is moved away from. In fliis 
way, an operator can aim the resultant ttirust vector 

75 of jet tubes 67A, 678 and 67C in any desired 
direction, pemnitting the operator to fly the attached 
borescope head to any deared location. 

A modified version of valve control mechaniOTi 
91 is shown in Rgure 18 and 19. As may be seen 

20 best by refening to Rgure 18. modified contitDl 
valve 108 has a working space 109 having in a 
ti^sverse cross-sectional view the general shape 
of an equilateral tiiangle, as compared witfi ttie 
circular-shaped woricing space of valve 91. The 

25 ti-ansverse outiine of working space 109 deviates 
from ttiat of a tiiangle in that the sid^ of ttie 
outiine are convex ratiier tiian straight, and join 
each other in arcuate, as opposed to angular ver- 
tices. 

30 Three valve outiet tiJbes 110A, 1108 and HOC 
project radially outward from tiie vertical side walls 
of valve 108, the center lines of each tube bisect- 
ing a separate one of each of tiie tiiree interior 
angles of tiie woridng space 109. Thus, valve outiet 

35 tubes 110A HOB and HOC are spaced at 120° 
increments around tiie periphery of ade wall 112 of 
valve 108. The bores 111A 111B and 111C of tiie 
valve outiet tubes communicate with the interior 
space 109 of tiie valve, and the inner transverse 

40 ptenes of tiie outiet tubes extend radially inward no 
furtiier than ttie inner wall surface 113 of side wall 
112. 

As shown in Rgure 18, valve 108 includes a 
slide valve element 114 having in a transverse 

46 cross-sectional view tiie general outiine of a trefoii. 
The distance below tiie center of ttie tt'efoil shape 
and the outer surface of each convex ti^'l lobe 
115 of valve element 114 is slightly less tiian ttie 
distance between tiie center of tiiangular working 

50 space 109 and each of its vertices, ttius pennitting 
movement of tiie valve element lobes away from or 
towards a selected valve outiet tijbe. However, tfie 
minimum ti-ansverse dimension of valve element 

114 is sufficientiy large to prevent substantial rata- 
55 tion of the element, ttiereby confining each lobe 

115 to tiie vicinity of a particular vertice and asso- 
dated valve outiet tube of tiiangular working spa» 
109. 
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As may be seen best by referring to Figure 19, 
working space 109 of valve 91 lias, in a central 
longitudinal cross-sectional view, generally flat par- 
allel upper and lower surfaces, and convex, arcuate 
sides disposed symmetrically about the axis of 
each valve outlet tube. A hollow inlet tube 116 
projects perpendicularly downwards from the base 
117 of valve 108. The bore 118 of the inlet tube 
116 communicates with the working space 109 of 
the valve. 

Slide valve element 114 includes an elongated, 
coaxial cylindrical operating rod 123 which extends 
perpendicularly upwards from the flat upper sur- 
face 124 of the valve element. Operating rod 123 
extends upward through a hole 125 in the trans- 
verse upper wall 126 of valve 108. A flexible, 
annular-shaped, convoluted diaphragm 127 forms 
an airtight seal between operating rod 123 and 
upper wall 126 of valve 108. 

Modified valve 1 08 is used to control the mag- 
nitude and direction of thrust provided by jet tubes 
67A, 67B and 67C exactly as has been described 
above for the basic embodiment 91 of the valve 
shown in Figures 16 and 17. In modified version 
108, more positive control of the difference be- 
tween flow rates of air issuing from each valve 
outlet tube is made possible by the cooperative 
interelationship between the convex arcuate shapes 
of the lobes 115 of the slide valve element 104 and 
the complementarlly shaped concave regions of 
the valve housing centered around each valve out- 
let tube. 

Rgure 20 illustrates a seventh embodiment of 
the propulsion and guidance device according to 
the present invention. 

As shown in Figure 20, the seventh embodi- 
ment 131 of the propulsion and guidance device 
according to the present invention includes three 
hollow, elongated jet tubes 132. Each jet tube 132 
is preferably formed from a single cylindrical tube 
which has had a right angle bend imparted to it, 
forming a straight rear section 133 and a shorter 
front sec tion 134 extending outwards at ninety 
degrees with respect to the rear section. Rear 
sections 133 of jet tubes 132 are fastened to the 
outer cylindrical surface of head D of borescope A, 
in parallel alignment with the longitudinal axis of 
the borescope head. Jet tubes 132 are disposed at 
120° increments around the circumference of bore- 
scope head D. The axis of each front section 134 
of each jet tube 132 is radially disposed with re- 
spect to the longitudinal axis of borescope head D. 
Thus, when pressurized air is differentially supplied 
to jet tubes 132, as for example by one of the three 
valves described above, a bending moment of con- 
trolled magnitude and direction will be applied to 
borescope head D, permitting the head to be 
aimed in a desired direction. 



Propulsion of guidance and propulsion device 
1 31 is provided by supplying air under pressure to 
U-shaped propulsion tube 135. Propulsion tube 135 
is fastened to the outer cylindrical surface of head 
5 D of borescope A, in parallel alignment with the 
longitudinal axis of the borescope head. Preferably, 
propulsion tube 135 is spaced midway between 
pairs of adjacent jet tubes 132. 

In some applications for the borescope propul- 
10 sion and guidance device according to the present 
invention, it would be desirable to have the capabil- 
ity of translating the head of a borescope without 
tilting it and without moving it forward or backward, 
in the manner of a cobra raising its head while 
?5 maintaining the axis of its skull, and hence its line 
of sight, fixed In a horizontal direction. A modified 
version of the invention, shown in Figure 21 pro- 
vides that capability. 

As shown in Figure 21, a propulsion and guid- 
20 ance device 140 which is a modification of the 
embodiment 131 shown in Figure 19 includes, in 
addition to the element of the basic embodiment 
additional thruster tubes 141. Thruster tubes 141 
are hollow cylindrical tubes sealed at one end and 
25 having an opening at the other end for the admis- 
sion of pressurized air. Thruster tubes 141 are 
fastened to the outer cylindrical surface of head D 
of borescope A, in parallel alignment with the lon- 
gitudinal axis of the borescope. The thruster tubes 
30 are disposed at 120° increments around the cir- 
cumference of borescope head D. 

Each thruster tube 141 contains in the outer 
portion of its cylindrical wall a radially disposed, 
tapered nozzle perforation 142. The axis of each 
35 perforation is radially directed with respect to the 
longitudinal axis of the borescope head. Thus, 
when air under pressure issues from a perforation 
142, a radially inwardly directed reaction force is 
exerted on the longitudinal center line of borescope 
40 head D. A single such reaction force would pro- 
duce a bending moment on the borescope head. 
However, a reaction force resulting from air under 
pressure issuing from jet tube 132 longitudinally 
spaced from perforation 142 results in a counter- 
's balancing moment. Therefore, by providing pairs of 
radial thrust forces by means of perforation 142 in 
thrust tube 1 41 , counter-balancing the moment pro- 
duced by jet tube 132, borescope head may be 
translated in any desired direction while maintain- 
so ing its longitudinal axis in any desired orientation, 
as for example, horizontal. 

The addition of thrusters 141 displaced rear- 
ward from jet tubes 132 pennits the application of 
radial force moments rearward of those produced 
55 by the front jet tubes. By separately controlling the 
thrust produced by the front jet tubes and rear 
thrusters, the borescope head can be tilted as 
desired. In those cases where it is desired to be 
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able to levitate or tilt a portion of the cable attached 
to the rear of the borescope head along with the 
headi, additional radially directed thrusters may be 
installed along the length of the cable as required. 

An eighth embodiment of the borescope pro- 
pulsion and guidance device according to the 
present invention is shown in Rgure 22. The em- 
bodiment 150 shown in Rgure 22 is for use with 
articulateable borescopes. It may be attached as an 
accessory to such borescopes without increasing 
the diameter of the combination. Thus, the mini- 
mum size of passageways through which the bore- 
scope may travel is not increased. As shown in the 
Rgure, propulsion device 150 includes a hollow 
ring 151 supported parallel to the front transverse 
face of borescope head D by means of thin, elon- 
gated, longitudinally disposed support rods 152 
joining the facing transverse surfaces of the ring 
and borescope head. Ring 151 contains a plurality 
of generally reanwardly directed jet holes 153, an 
air supply tube 154 provides pressurized air to ring 
151. Air escaping from jet holes 153 imparts a 
fonward thrust to ring 151, support rods 152 and 
borescope head D. As shown in the Rgure, a spare 
channel with the borescope cable assembly C may 
be used to contain air supply tobe 154. 

Rgure 23 is an exploded perspective view of 
one form of the apparatus of Rgure 21 which is 
especially well adapted to easy attachment to an 
existing borescope head. In the embodiment 155 
shown in Rgure 23, support rods 152 are attached 
at their tower ends to a solid ring 156. Ring 156 is 
attached to borescope head D by removing ferrule 
F from the borescope head, placing ring 156 flat 
down on the outer transverse face of the borescope 
head, sliding the ferrule down over hollow ring 151, 
support rods 152 and solid support ring 156, and 
threading the fenaiie tightly down on the external 
threads of the borescope head, thereby securing 
the support ring to the borescope head. 

Rgure 24 illustrates another modification of the 
ring propulston device of Rgures 22 and 23. In the 
embodiment 157, an air supply and support tube 
158 is fonned with an integral propulsion ring 159 
having a plurality of rearwardly directed jet holes 
160. 

A ninth embodiment of the propulsion and con- 
trol device according to the present invention is 
shown in Rgure 25. That embodiment is intended 
for use with articulateable borescopes. 

The embodiment 161 shown in Rgure 25 uses 
an air supply tulje mounted coaxially over cable 
assembly C of borescope A to supply pressurized 
air to propulsion head 162 of the device. 

Propulsion head 162 includes a generally cyBn- 
drical cap 163 having a central hole 164 adapted to 
fit over borescope head D, and a reanward extend- 
ing, coaxial, cylindrical flange 165 adapted to inser- 



tibly receive ar supply tube 166. An annular space 
167 is formed between the inner drcumferential 
wall of cap 163 and the outer circumferential wall of 
cyDndrical flange 1ffi. PerforaBons 168 are pro- 
5 vided in the cylindrical wall of flange 165, allowing 
pressurized air to enter annular space 167 from air 
supply tube 166. A flat, annular-shaped ring 169 
fastened coaxially around the outer circumferential 
wall of coaxial flaige 165 is positioned in longitudi- 

10 nal alignment with the rear transverse surface of 
cylindrical cap 163. and is Singly joined to the 
inner circumferential wall of the cap. Annular ring 
ira contains a plurality of jet holes 170 spaced at 
regular drcumferenfial angles. Thus, pressurized 

75 air in annular space 167 may escape rearward 
through jet holes 170, providing forward thnjst to 
propulsion head 162. 

In a variation of the embodiment of the propul- 
sion and guidance device shown in Rgure 13. 

20 means are provided to vary the ratio between radial 
and longitodinal thrust vectors for a given jet tube 
as a function of air pressure. Thus, if jet tube 67 is 
made somewhat flexible, suffidentiy high air pres- 
sure within the tobe will cause the tobe to bend in 

2s a direction which decreases its original bend ra- 
dius, i.e.. in a direction which increases the inter- 
section angle between the longitudinally disposed 
rear portion and angled side portion of tiie jet tube. 
Thus, higher air pressure supplied to a flexible jet 

30 tobe will increase tiie radial component of ttwust 
relative to the longitudinal component. 

in those embodiments of the propulsion and 
control cfevice according to the present invention 
which use multiple jet tubes to effect steering, such 

35 as those shown In Rgures 13 and 19, reduction of 
tiie number of air supply tobes required is possi- 
ble. By providing a selector valve in ttie borescope 
head which is remotely contixjllable by means of 
elechical contiral wires or ttie like, only a single 

40 supply tube for pressurized ar need be connected 
to ttie head. 

In anottier variation of tiie present invention, a 
gas generator located witiiin tiie borescope head 
would be remotely contix)lled to provide pressur- 

45 ized gas to selected propulsion jets. 

In ttie novel mettwds and devices for propel- 
ling and guiding a borescope by fluid driven reac- 
tion jets described above, it has been assumed that 
guidance commands were generated by a human 

50 operator who used tiie image transmitting capabil- 
ities of ttie borescope to visually guide tiie bore- 
scope head to a desired location, ft would be witiiin 
the spirit of the present invention to use means 
other tiian a human operator to generate guidaice 

55 signals for use by ttie invention. Moreover, the 
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propulsion and guidance method and apparatus 
according to tlie present invention could be used to 
propel and guide sensors different than imaging 
Ijorescopes. 

For example, if the propulsion and guidance 
device according to the present invention were 
attached to a magnetometer head at the remote 
end of a flexible cable, a conventional serve control 
module at the proximal end of the cable could 
generate command signals for the device which 
would propel the magnetometer head to regions 
experiencing anomalous magnetic fields. In an ex- 
actly anaigous fashion, sensors responsive to other 
influences, such as ionizing radiation from radioac- 
tive materials, could be used to generate command 
signals for the propulsion and guidance devices 
according to the present invention, propelling and 
guiding the sensor to regions of high or low mag- 
nitudes of such influences, as desired. 



Claims 

1. A method for propelling a sensor situated at 
the distal end of an elongated conduit adapted to 
carry signals from said sensor to the proximal end 
of said conduit comprising expelling fluid from said 
distal end of said conduit, thereby producing a 
reaction force on said conduit diametrically op- 
posed to the flow direction of said expelled fluid. 

2. The method of Claim 1 further comprising 
controlling the direction of flow of said expelled 
fluid. 

3. The method of Claim 1 further comprising 
controlling the rate of flow of said expelled fluid. 

4. The method of Claim 2 wherein said flow 
direction of said expelled fluid is controlled, at least 
in part, by controlling the spatial orientation of said 
distal end of said conduit 

5. The method of Claim 4 further comprising 
controlling the rate of flow of said expelled fluid. 

6. The method of Claim 2 wherein said flow 
direction of said expelled fluid is controlled, at least 
in part, by controlling the spatial orientation of the 
flow vector of said expelled fluid relative to the 
spatial orientation of said distal end of said conduit. 

7. The method of Claim 6 further comprising 
controlling the rate of flow of said expelled fluid. 

8. The method of Claim 2 wherein said control- 
ling of said flow direction of said expelled fluid is at 
least partially responsive to said sensor signals. 

9. The method of Claim 8 wherein said sensor 
signals are effective in forming an image of at least 
a portion of the region in space occupied by said 
sensor. 



10. A method for propelling and guiding a 
sensor situated at the distal end of an elongated 
conduit adapted to can^ signals from said sensor 
to the proximal end of said conduit comprising: 

5 (a) conducting fluid under pressure from the 

region near the said proximal end of said conduit to 
said distal end of said conduit, 

(b) expelling fluid from said distal end of said 
conduit, thereby producing a reaction force on said 

70 conduit diametrically opposed to the flow direction 
of said expelled fluid, and 

(c) controlling the direction of flow of said 
expelled fluid. 

11. The method of Claim 10 further comprising 
75 controlling the rate of flow of said expelled fluid. 

12. The method of Claim 11 wherein said con- 
trolling of said flow direction and said rate of flow 
of said expelled fluid is at least partially responsive 
to said sensor signals. 

20 13. The method of Claim 12 wherein said flow 
direction of said expelled fluid is controlled, at least 
In part, by controlling the spatial orientation of said 
distal end of said conduit. 

14. The method of Claim 12 wherein said flow 
25 direction of said expelled fluid is controlled, at least 

in part, by controlling the spatial orientation of the 
flow vector of said expelled fluid relative to the 
spatial orientation of said distal end of said conduit. 

15. A method for remotely propelling and guid- 
30 ing a sensor at the distal end of a flexible cable 

carrying signals from said sensor to the proximal 
end of said cable comprising expelling fluid from a 
point near said distal end of said cable, thereby 
producing on said distal end of said cable a reac- 
35 tion force diametrically opposed to the flow direc- 
tion of said expelled fluid, said force thereby ten- 
ding to move said distal end of said cable and said 
sensor. 

16. The method of Claim 15 further comprising 
40 controlling the direction of flow of said expelled 

fluid, thereby controlling the direction of said reac- 
tion force. 

17. The method of Claim 16 further comprising 
controlling the rate of flow of said expelled fluid, 

45 thereby controlling the magnitude of said reaction 
force. 

18. The method of Claim 17 wherein said con- 
trolling of said flow direction and said rate of flow 
of said expelled fluid is at least partially responsive 

50 to said sensor signals. 

19. The method of Claim 18 wherein said sen- 
sor signals are effective in forming at said proximal 
end of said cable an image of at least a portion of 
the region in space occupied by said sensor at 

55 said distal end of said cable. 
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20. The method of Clam 19 wherein said flow 
direction of said expelled fluid is controlled, at least 
in part, by controlling the spatial orientation of said 
distal end of said cable. 

21. The method of Clam 20 wherein sad ex- 
pelled fluid is supplied from the region near the 
proximal end of said cable and conducted to said 
distal end of said cable. 

22. The method of Claim 19 wherein said flow 
direction of sad expelled fluid is controlled, at least 
in part, by controlling the spatial orientation of the 
flow vector of said expelled fluid relative to the 
spatial orientation of sad distal end of said conduit 

23. The method of Cla'm 22 wherein said ex- 
pelled fluid is supplied from the region near the 
proximal end of sad cable and coralucted to sad 
distal end of sa'd cable. 

24. A device for propelling a sensor fastened to 
the distal end of a condutt adapted to carry signals 
from sa'd sensor to the proximal end of said cot- 
duit comprising: 

(a) a source of pressurized fluid, and 

(b) means for expelling sad fluid from said 
distal end of said conduit, thereby producing a 
reaction force on said distal end of conduit diamet- 
rically opposed to the flow direction of said ex- 
pelled fluid. 

25. The device of Cla'm 24 further comprising 
means for controlling the direction of flow of said 
expelled fluid. 

26. The device of Qaim 25 further comprising 
means for controlling the rate of flow of said ex- 
pelled fluid. 

27. The device of Claim 26 wherein said 
means for controlling the direction of flow of said 
expelled fluids comprises in combination: 

(a) means for maintaining sad flow direction 
of said expelled fluid at a desired orientation rela- 
tive to said distal end of said conduit, and 

(b) means for controlling the spatial orienta- 
tion of said distal end of said conduit. 

28. The device of Clam 26 wherein said 
means for continuing flie flow direction of said 
expelled fluid comprises means for contiTDlling the 
spatial orientation of tiie vector direction of said 
reaction force on said distal end of said conduit. 

29. A device for propelling in a desired direc- 
tion tiie distal end of a flexible cable having means 
for controlling the bending of said distal end of said 
cable from the proximal end of sad cable cnnpris- 
Ing: 

(a) at least one reacti'on jet fastened to said 
cable near its distal end, and 

(b) means for expelling pressurized fluid 
from said reacti'on jet, thereby producing on said 
distal end of said cable a reaction force diamet- 
rically opposed to the direction of flow of said fluid 
expelled from said reaction jet. 



30. The device of Claim 29 wherein sad pres- 
surized fluid is conducted from a source at tiie 
proximal end of sa'd cable to said reaction jet at 
sa'd distal end of sa'd cable by a hollow flexible 

5 hose paralleling tiie span of sad cable. 

31. The device of Claim 30 wherein said hose 
is contained witiiin said cable. 

32. The device of Clam 30 wherein said reac- 
tion jet comprises a hollow, generally U-shaped 

JO tube fastened to tiie distal end of sa'd cable wrth 
both legs fadng in a generally reanvard dlrecSon 
relative to the distal end of said cable, one leg of 
said tube being sealingly joined to said hollow 
flexible hose, ttie otiier leg being open to permit 

75 pressurized fluid to be expelled therefrom. 

33. The device of Claim 31 wherein said open 
leg of said U-tube is disposed In a generally rear- 
wad direction witii respect to said distel end of 
said cable. 

so 34. The device of Claim 32 wherein the convex 
acuate outer surface of sad U-tube extends lon- 
gitijdinally beyond tiie distal t^nsverse plane of the 
end of said cable, tiiereby setting a lower limit to 
the approach distance of said ti-ansverse end of 

25 sa'd cable to a plane. 

35. A device for propelling in a desired direc- 
tion the distal end of a flexible cable having means 
for controlling the bending of said distal end of said 
cable from the proximal end of said cable compris- 

30 Ing: 

(a) an elongated block having a generally 
unrfbrm transverse cross-section, said block having 
near Its upper longitudinal surf»:e a bore longitud- 
nally disposed through its front and rear planes 

35 adapted to insertably receive the outer sur^ of 
sa'd distal cable end. 

(b) a reacti'on jet, coupled to sa'd block, and 

(c) a flexible supply hose to provide pressur- 
ized fluid to said reaction jet. 

40 36. ITie device of Claim 34 wherein said reac- 
tion jet comprises an oval cross-section, blind cav- 
ity bored part way into sa'd block perpendiculariy 
fi-ofn the rear face of said block, sa'd cavity having 
a cross-sectional aea larger tiian said flexible sup- 

45 ply hose, said flexible supply hose being inserted 
part way into said cavity and fastened to a wall 
thereof, thereby providing an escape route for 
pressurized fluid within said supply hose to pres- 
surize sa'd cavity and exit said cavity nomnal to ttie 

50 rear face of sad cavity, tiiereby producing a for- 
vrard directed reaction tiirust force on sa'd block. 

37. The device of Clam 35 fljrttier comprising 
a longitijdinally disposed protuberance extending 
forward beyond tiie front ti^nsverse plane of said 

55 distal end of said cable, tiiereby setting a lower 
limit to tiie approach distance of sa'd transverse 
end plane of said cable to a plane. 
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38. The device of Claim 34 wherein said reac- 
tion jet comprises a small diameter jet bore longitu- 
dinally disposed through the front and rear faces of 
said bloci< near the lower longitudinal surface of 
said blocic, said block being further defined as 
having an intermediate diameter bore disposed 
through the front and rear faces of said block 
parallel to and Intermediate to said cable bore and 
said jet bore, said intermediate bore being adapted 
to receive said supply hose, and a hollow U-tube 
sealingly coupled to the front openings of said 
supply hose bore and said jet bore, thereby provid- 
ing a conduit for pressurized fluid in said supply 
hose to escape rearward out through the rear open- 
ing In said jet bore. 

39. A device for propelling and guiding in a 
desired direction the distal end of a flexible sensor 
cable comprising: 

(a) a flexible control cable having an ar- 
ticulateable distal end, 

(b) means for fastening said distal end of 
said control cable to the distal end of said sensor 
cable, 

(c) at least one reation jet fastened to the 
distal end of said control cable, and 

(d) means for providing pressurized fluid to 

said reaction jet. 

40. A device for propelling a sensor fastened to 
the distal end of a conduit adapted to carry signals 
from said sensor to the proximal end of said con- 
duit comprising: 

(a) a plurality of reaction jets each having a 
distinct thrust line fastened to the distal end of said 
conduit, 

(b) a source of pressurized fluid, 

(c) means for seiectably conducting said 
pressurized fluid to at least a selected one of said 
reaction jets, thereby permitting control of the ori- 
entation of the thrust vector of said jets relative to 
the distal end of said conduit. 

41 . The device of Claim 40 wherein said thrust 
lines of said reaction jets are disposed at equal 
circumferential angles in a plane transverse to the 
long axis of said distal end of said conduit. 

42. The device of Claim 40 wherein the thrust 
lines of said reaction jets are inclined with respect 
to the longitudinal axis of said distal end of said 
conduit. 

43. The device of Claim 40 wherein the thrust 
lines of said reaction jets are parallel to each other 
and to the longitudinal axis of said distal end of 
said conduit. 

44. The device of Claim 40 wherein the angle 
between the thrust lines of said reaction jets and 
the longitudinal axis of said conduit is dynamically 
controllable. 



45. The device of Claim 44 wherein at least a 
portion of said reaction jet is pivotabie and the 
angle between the thrust line of a said reaction jet 
and the longitudinal axis of said conduit may be 

5 varied by varying the pressure within said reaction 
jet. 

46. A device for propelling a sensor head fas- 
tened to the distal end of a flexible cable adapted 
to carry signals from said sensor head to the 

10 proximal end of said cable comprising: 

(a) three hollow jet tubes, each having a 
generally straight base section and a generally 
straight tip section bent at a fixed angle relative to 
said base section and defining a thrust vector di- 

15 rection, the base section of each said jet tube 
being fastened to said sensor head in parallel 
alignment with the longitudinal axis of said sensor 
head, said base sections being disposed at 120 
degree circumferential increments with respect to 

20 one another, 

(b) a source of pressurized fluid, 

(c) a hollow, flexible fluid supply hose cou- 
pling the rear bore opening of said base section of 
each said reaction jet to said source of pressurized 

25 fluid, and 

(d) means for varying the pressure of fluid 
supplied to the inlet of each fluid supply hose, 
thereby varying the reaction thrust produced by 
fluid expelled under pressure from the opening in 

30 said tip section of each said reaction jet. 

47. The device of Claim 46 further comprising 
a selector valve to control the relative rates of flow 
of pressurized fluid to said reaction jets, thereby 
affording directional control of the vector sum of 

35 the individual reaction jet thrust vectors. 

48. The device of Claim 47 wherein said selec- 
tor valve comprises: 

(a) a hollow, circular cross-section cylindrical 
housing having a disc-shaped cover, a disc-shaped 
40 base, a radially disposed air supply tube projecting 
perpendicularly outwards from the cylindrical wall 
of said housing, the bore of said air supply tube 
communicating with the hollow interior of said 
housing, 

45 (b) three valve outlet tube openings through 

the bottom disc-shaped base of said housing, said 
valve openings being disposed at 120-degree an- 
gles with respect to one another on a defining 
circle coaxial with the longitudinal center line of 

50 said housing, 

(c) a disc-shaped valve body having a flat 
lower surface, said valve body being of the same 
diameter as said defining circle for said valve outlet 
openings, and said valve body being siidably con- 

55 fined within said housing with its flat bottom sur- 
face being in intimate contact with the flat upper 
wall surface of said disc-shaped valve-housing 
base, and 
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(d) means for slidably moving said valve 
body to cover a greater or smaller percentage of 
the cross-sectional area of the entrance bore of a 
selected valve outlet tube opening, thereby permit- 
ting, control of the relative air flow rates fiXMn the 
interior space of the valve housing into the valve 
outlet tubes. 

49. The device of Claim 48 wherein said 
means for slidably moving said valve body com- 
prises an elongated rod pivotabiy mounted to the 
center of the upper surface of said valve body, said 
rod extending generally upwards through a central 
perforation in the disc-shaped cover of said valve 
housing, the outer peripheral surface of said rod 
being joined to said cover in an airtight seal by a 
flexible annular diaphragm. 

50. The device of Claim 47 wherein said selec- 
tor valve comprises: 

(a) a hollow circular o-oss-secHon, cylindrical 
housing having a disc-shaped cover, a disc-shaped 
base, a hollow air supply tube projecting perpen- 
dicuiariy downwards from the bottom surface of 
said disc-shaped base, the bore of said air supply 
tube communicating with the hollow interior of said 
housing, 

(b) three valve outlet tubes projecting radially 
outwanjs from the cylindrical side wall of said 
housing, said valve outlet tubes being disposed at 
120-degree increments around the circumference 
of ^d cylindrical side wait, and the bores of said 
valve outlet tubes communicating with the hollow 
interior space of said housing, 

(c) a disD-shaped valve tiody having a flat 
lower surface, a flat upper surface, and a diameter 
slightly less than the inner diameter of said cylin- 
drical wall of said housing, said valve body being 
slidably confined within said housing but movable 
in an axial direction, perpendicular to the flat upper 
surface of said disc-shaped base. 

(d) means for slidably moving said valve 
body closer or further away from a selected valve 
outlet tube bore, ther^y pemn'rtting control of the 
relative air flow rates from the interior space of the 
valve housing into said bores of said valve outlet 
tubes, and 

(e) means for moving said valve body per- 
pendiculariy with respect to the upper bore open- 
ing of said air inlet supply tufce, thereby affording 
control of the air flow rate into the said hollow 
interior space of said valve housing. 

51. The device of Claim 50 wherein sad 
means for slidably and axially moving said valve 
body comprises an elongated rod rigidly and cen- 
trally mounted to the upper surface of said valve 
body and extending perpendiculariy upwards there- 
from through a central perforation in said disc- 
shaped cover of said valve housing, the diameter 
of said perforation being sufficiently larger than the 



diameter of said rod to permit radial movement of 
said rod with respect to the side walls of said 
perforation, the outer peripheral surface of said rod 
being joined to said cover in an airtight seal by a 
5 flexible annular diaphragm having in transverse 
cross-section a plurality of wave-like convolutions, 
flie artensibility of said diaphragm pemiitting radial 
as well as axial movement of said rod. 

52. The device of Claim 47 wherein said selec- 
10 tor valve comprises: 

(a) a hollow housing having a flat cover, a 
flat base and parallel side walls, the transverse 
cross-sectional shape of said housing having the 
general appearance of an equilateral triangle with 

T5 arcuate, outwardly bowed sides and arcuate, con- 
vex vertices, and a hollow inlet air supply tutie 
projecting perpendiculariy downwards from the bot- 
tom surface of said base, the bore of said inlet air 
supply tube communicating with the hollow interior 

20 of said housing, 

(b) tirree valve outiet tubes projecting radially 
outwards from tire verh'cal side walls of said hous- 
ing, tiie bore center line of each said valve outiet 
tube bisecting a separate vertice of said equilateral 

25 triangle, tiie Ixjre of each said outiet tube flaring 
radially outwards to join ttie inner wall surface of 
said housing In a smootii, arcuate contour resulting 
in the formation of a concave outlet valve seal, and 
the bores of said valve outlet tubes communicating 

30 witii tine hollow interior space of said housing, 

(c) a valve body having a generally flat and 
parallel upper and lower surfaces and, in ti^sverse 
cross-section, tiie shape of a three-lobed trefoil 
having a maximum radial dimension pennitting a 

35 small amount of radial movement of said valve 
body witiiin said tiiangular woriting space, each of 
said lobes having in a longitudinal sectional view a 
convex surface shaped complementerily to said 
outiet tube valve seat, said valve body being 

40 slidably confined wittiin said housing but movable 
in an axial direction, perpendicular to tiie upper 
surface of said base, 

(d) means for slidably moving said vah« 
body closer to or fortiier away from a selected 

45 valve outiet tube, tiiereby affording conti^l of tiie 
relative air flow rates out from the interior space of 
tiie valve housing into said bores of said valve 
outlet tutjes, and 

(e) means for moving said valve body per- 
50 pendicularly witii respect to said upper bore open- 
ing of said air inlet supply tiibe, thereby affording 
control of the air flow rate into ttie hollow Interior 
space of said valve housing. 

53. The device of Claim 52 wherein said 
55 means for slidably and axially moving said valve 

body comprises an elongated rod rigidly and cen- 
ti^ly mounted to tiie upper surfece of said valve 
body and extending perpendicularly upwards tnere- 
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from through a central perforation in said cover of 
said valve housing, the diameter of said perforation 
being sufficiently larger than the diameter of said 
rod to permit radial movement of said rod with 
respect to the side walls of said perforation, the s 
outer peripheral surface of said rod being joined to 
said cover in an airtight seal by a flexible annular 
diaphragm having in transverse cross-section a plu- 
rality of wave-iike convolutions, the extensibility of 
said diaphragm permitting radial as well as axial io 
movement of said rod. 

54. A device for propelling the distal portion of 
a flexible sensor cable comprising: 

(a) a hollow ring fastened at a longitudinally 
spaced distance beyond the transverse end plane 75 
of said cable, the plane of said ring being per- 
pendicular to the longitudinal axis of the end por- 
tion of said cable, and said ring containing a plural- 
ity of generally rearward directed jet orifices, and 

(b) means communicating with the Interior 20 
space of said ring for providing pressurized fluid to 

said interior space. 

55. A device for propelling the distal portion of 
a flexible sensor cable comprising: 

(a) a generally cylindrical cap having a cen- 25 
tral bore adapted to fit coaxially over said distal 
portion of said cable, said cap having a rearward 
extending inner coaxial cylindrical flange having an 
inner diameter larger than the outer diameter of 

said cable, thereby forming an annular, longitudi- 30 
nally disposed space between the outer circum- 
ferential surface of said cable and the inner circum- 
ferential surface of said flange, and the front cir- 
cumferential wall of said flange containing a plural- 
ity of circumferentially disposed, radial perforations, 36 

(b) a hollow air supply tube coaxially dis- 
posed over said outer circumferential surface of 
said cable and sealingly joined to the inner circum- 
ferential surface of said inner flange, 

(c) an outer cylindrical flange section extend- 40 
ing backwards a shorter distance than said inner 
flange section, said outer cylindrical flange forming 

the outer cylindrical wall of said cap, 

(d) a fiat, annular-shaped ring fastened co- 
axially around the outer circumferential wall of said 45 
Inner flange section, said ring being longitudinally 
aligned with the rear transverse surface of said 
outer flange, and sealingly joined thereto, said ring 
containing a plurality of circumferentially disposed, 
generally rearward directed jet holes, and 50 

(e) a source of pressurized fluid sealingly 
coupled to said supply tube and said cable surface, 
whereby pressurized fluid may be conducted for- 
ward through said annular space between said sup- 
ply tube and said cable, into said annular space ss 
between said inner flange and said tube through 

said radial perforations in said wall surface of said 
inner flange section into the annular space between 



said wall surface and the inner wall surface of said 
outer flange, said pressurized fluid exiting from 
said annular space through said jet holes to pro- 
vide forward thrust to said cap. 

56. In a flexible borescope, ttie improvement 
comprising: 

(a) at least one reaction jet fastened to said 
borescope, and 

(b) means for expelling pressurized fluid 
from said reation jet, thereby producing a thrust 
force on said borescope. 

57. The improvement of Claim 56 further com- 
prising means for controlling the direction of said 
thrust force. 
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FIG. 13 

FIG. 12 
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